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1 Introduction

For UL ACK/NACK transmission in absence of data, the following has been agreed: using a reserved frequency and time resource, spanning over the whole subframe for coverage reasons, slot-based FH, hybrid CDM/FDM, BPSK for 1 bit ACK/NACK and QPSK for 2 bit ACK/NACK.

However, the previous discussions on the UL control signaling are mainly focus on the generic frame structure. In this contribution, ACK/NACK transmission structure for alternative frame structure is considered.
2 UL ACK/NACK transmission structure for Alternative frame structure
Figure 1 show the E-UTRA alternative frame structure with short CP, which consists of 8 LBs and 2 SBs. 
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Figure 1 UL subframe for alternative frame structure
For UL data-non-associated control signalling transmission in absence of data, a reserved frequency and time resource at the upper and the lower side-band is used. Besides, FH within the sub-frame is preferred to achieve higher frequency diversity gain and keep the commonality between the generic frame structure and the alternative frame structure.
Two SBs are used for RS while the left 8 LBs are for data transmission for the short CP numerology within one subframe. With coherent detection one SB which using a CAZAC root sequence with a length of 6 per RB can only support up to 3 UL ACK channels without significant loss of performance. This means that only 3 ACK/NACKs can be multiplexed in the same frequency resource, which limits the resource using efficiency. 
In the following, we will present two alternative ACK/NACK channel structures that can increase the multiplexing capacity of ACK/NACK in one frequency resource. 
Option 1: 1 SB + 1 LB for RS per half sub-frame
We add one LB for RS per half sub-frame.Figure 2 gives a simple example of this structure. The exact position of the 1 LB per half sub-frame used as ACK/NACK RS is FFS. Because the sub-carrier number of SB and LB is different, block spreading can not be applied for the two RS blocks within the half sub-frame. A UE can use either the SB or the LB as its RS for ACK/NACK transmission. When a UE uses the SBs as its RS for ACK/NACK transmission, the LBs for RS in figure 2 is left empty while a UE uses the LBs as its RS for ACK/NACK transmission, the SBs for RS in figure 2 is left empty. Since the SB can provide 3 CAZAC cyclic shifts and the LB can provide another 6 CAZAC cyclic shifts, the maximum number of different ACK/NACKs that can be multiplexed in the same frequency resource is 9. 
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Figure 2 Option 1: 1 SB + 1 LB for RS per half sub-frame (for illustrative purpose only)
Block spreading in time domain is used to separate groups. Within each group, CAZAC sequence shifts in frequency are used to separate users. 3 out of 12 cyclic shifts are used to distinguish different UEs inside data block and block spreading with a spreading factor of 3 is applied. 

However, a UE using either the SB or the LB as its RS for ACK/NACK transmission also means that only one pilot block can be used for channel estimation. Simulation results in [1] shows that the number of pilot blocks used for channel estimation has a significant impact on the BER performance of ACK/NACK. 2 pilot blocks may be needed to improve the channel estimation performance.
Option 2: 2LBs for RS per half sub-frame, the SB is left empty for ACK/NACK
Instead of having 1 SB+1LB in the half-subframe, we consider using 2 LB as pilot symbols which time dimension can be exploited to support more users, and channel estimation accuracy will be increased as well. Figure 3 depicts the frame structure with 2 LB per half-subframe. The exact position of the 2 LBs per half sub-frame used as ACK/NACK RS is FFS. In this structure, 6 out of 12 CAZAC cyclic shifts and block spreading with a spreading factor of 2 can be used for both ACK/NACK transmission and RS. Up to 12 ACK/NACKs can be multiplexed in a frequency resource. A UE can use the 2 LBs per half-subframe for channel estimation. It should be noted that the SBs can also be used for carrying ACK/NACK information if possible.
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Figure 3 Option 2: 2 LBs for RS per half sub-frame (for illustrative purpose only)
We have no preference for option 1 and option 2 and performance evaluation is needed for further study.
3 Conclusion

In this contribution, two ACK/NACK transmission structure has been proposed for E-UTRA alternative frame structure. In option 1, 1 SB and 1 LB per half sub-frame are used as RS for ACK/NACK transmission, and up to 9 ACK/NACKs can be multiplexed in a frequency resource of 180 kHz. In option 2, 2 LBs per half sub-frame are used as RS for ACK/NACK transmission, and up to 12 ACK/NACKs can be supported. Performance evaluation is needed when choosing the ACK/NACK transmission structure from the two options. 
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